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Introduction
Changes in plasma progesterone levels associated with oestrous cyclicity in the pig have been well documented but the relationship between these changes in peripheral circulating progesterone levels and the functional activity of the corpora lutea raises some questions. The determination of progesterone levels in ovarian venous plasma (Gomes, Herschler & Erb, 1965; Masuda, Anderson, Henricks & Melampy, 1967) and the measurement of progesterone secretion rates by the ovary (Brinkley & Young, 1968) lead to the conclusion that the maximum in secretory activity of the corpora lutea occurs between Days 8 and 12 of the oestrous cycle. Peripheral levels of progesterone, however, start to decline on Day 13 or 14 (for references see Foxcroft & van de Wiel, 1982 ) and therefore do not seem to reflect the functional activity of the corpora lutea accurately. This delayed decline in peripheral concentrations suggests that progesterone is stored in body tissue and released from these reservoirs following the onset of luteolysis. Due to its lipophilic nature, progesterone is probably stored primarily in body fat and high concentrations of progesterone have been observed in adipose tissue of women (Kaufmann & Zander, 1956 ) and cows (McCracken, 1964; Kallweit (1978) . From 44 additional sows, kept at an experimental farm, backfat samples were taken 17 and 20 days after mating, and the progesterone content of the fat was analysed.
Hormone analyses
Plasma. Plasma progesterone levels after ovariectomy and treatment with progesterone were measured by a specific radioimmunoassay following extraction with hexane-ethyl acetate (99:1 v/v) as described by Parvizi, Elsaesser, Smidt & Ellendorff (1976) , except that the antiserum (P/3) had been raised against progesterone-lla-BSA and cross-reacted <3-2% with desoxycorticosterone, <0-3% with testosterone, and^0 -1% with 17a-hydroxyprogesterone, hydrocortisone and oestradiol-17ß. The actual inter-and intra-assay coefficients of variation in these experiments were 15-6 and 7-3%, respectively. The sensitivity of the assay, defined as the smallest amount detectable from 0, was 50 pg/ml.
Plasma progesterone concentrations during the oestrous cycle were determined directly in 20 µ plasma by a rapid RIA without prior extraction. The plasma was diluted with 200 µ phosphatebuffered saline containing 1% of bovine -globulin (Behring) and incubated for 30 min at room temperature. The following steps were identical to those of the reference method. Single samples of plasma from 176 pregnant or non-pregnant sows 17-20 days after mating were assayed by this method and the above mentioned RIA described previously (Parvizi et al., 1976) . Regression analysis gave a slope of 0-85 and a coefficient of correlation of 0-93. The intercept was 1-74. The inter-and intra-assay coefficients of variation were 15-2 and 5-9% (depending on the progesterone concentration), respectively. The sensitivity of this assay, defined as the smallest amount detectable from 0, was 500 pg/ml.
Backfat When fat from castrated boars was analysed, the concentration of progesterone was 0-6 ± 0-3 ng/100 mg fat. Addition of 100, 500 and 1000 pg progesterone to 10 mg fat containing 3-50 ng progesterone/100 mg fat resulted in recoveries of 106 ± 31,523 ± 140 and 977 ± 220 pg (mean ± s.d., = 5) respectively. Parallelism between the standard and unknown samples was demonstrated by using increasing aliquants of a fat extract : the concentrations of progesterone measured in 10, 20 and 40% aliquants were 60-3 ± 9-4, 55-4 ± 70 and 58-7 ± 1-9 ng progesterone/100 mg back fat, respectively ( h, the progesterone level steadily decreased. At 95 h the levels were still above those at oestrus (8-3 ± 0-9 compared with 6-2 + 0-5 ng progesterone/100 mg backfat). Initial half-life was estimated to be 34 h. At 144 h after ovariectomy progesterone values had further decreased to 6-3 ± 0-9 ng/100 mg fat.
The corresponding changes in plasma progesterone (Text- fig. 3 ) indicate an initial rapid fall followed by a more gradual decline and a much shorter initial half-life for progesterone in plasma than in fat tissue. Plasma progesterone decreased from its initial value just before ovariectomy (34-2 ± 2-4 ng/ml) to 17-1 ng/ml within 120 min. A further decrease to half of this occurred within the next 240 min. Levels 95 and 144 h after ovariectomy were 1-1 ± 0-4 and 0-5 ± 0-2 ng progesterone/ml plasma, respectively.
The changes in plasma progesterone levels in the 3 animals that had not ovulated and, consequently, had low levels of progesterone at the time of ovariectomy are shown in Text- fig. 4 Body composition or fat-to-lean ratio had no clear effect on the changes in backfat or plasma progesterone concentrations during the oestrous cycle, after ovariectomy or after progesterone treatment. The fat-to-lean ratio varied between 0-48 :1 and 0-83:1. There was a tendency for a delayed maximum in the plasma progesterone concentrations in gilts with a higher proportion of fat.
Of the 44 sows studied, 38 proved to be pregnant and farrowed, whereas 6 sows became oestrous again within 3-6 weeks. At 17 days after mating, mean ± s.e.m. fat progesterone levels in pregnant and non-pregnant animals were 80-5 ± 4-7 and 37-7 ± 9-7 ng/100 mg backfat, respectively. At 20 days after mating the respective values were: 76-7 ± 4-5 and 7-2 ± 1-3 ng progesterone/100 mg backfat. On both days, the differences were statistically significant (P < 0-05, Student's t test).
Discussion
Our data clearly indicate that considerable amounts of progesterone are present in the backfat of the pig. Based on 150 kg body weight, the assumption of 40 kg fat tissue and a total of 6 litres blood plasma, we calculated that in the middle ofthe luteal phase about 36 mg progesterone are stored in fat tissue, whereas only about 0-2 mg progesterone are present in blood. The amount of progesterone present in fat tissue is therefore approximately 200 times that present in blood and corresponds to the daily production of the corpora lutea of the sow on Day 11 of the cycle (Brinkley & Young, 1968) .
The mechanism of progesterone storage in fat tissue and that of progesterone depletion from fat tissue has not, to our knowledge, been investigated in vivo. It appears that this transfer is not an active process. In vitro, steroids penetrate from the buffer system into the fat tissue, and the speed as well as the percentage of steroid penetrating are dependent on the lipophilic characteristic of the steroid (Claus, 1979) . The nature of the adipose tissue also seems to affect the level of progesterone in fat. Whereas the concentrations in backfat and bacon were similar, consistently higher levels were measured in flare fat from slaughtered sows (F. Elsaesser, unpublished observation). These differences may be explained by differences in fatty acid composition or differences in blood supply.
Comparison of the changes in fat and plasma progesterone during the cycle or after ovariectomy underline the function of adipose tissue as a reservoir which protects progesterone from catabolism. The shape of the disappearance curve of progesterone from the blood after ovariectomy appears to be affected by the release of progesterone from the fat. After an initial rapid fall, a more gradual decline was observed. The exact calculation and comparison of the half-life of progesterone in fat and in plasma might, however, be confounded by the effect of anaesthesia or surgery. This effect is most obvious in the sows which had no functional corpora lutea at ovariectomy and in which plasma progesterone rose immediately after initiation of anaesthesia (Text- fig. 4 ). Most probably, in these circumstances progesterone is derived from the adrenal, since it has been shown that progesterone levels in ovariectomized sows may be increased by treatment with ACTH (Close & Liptrap, 1975 (Brown, Erb & Randel, 1974) .
The substantial storage of progesterone in the body fat of the sow may have important implica¬ tions for the plasma progesterone levels and thus for the control of the oestrous cycle. The increase in circulating plasma progesterone levels after formation of corpora lutea is delayed, short-term (episodic) fluctuations in plasma progesterone are damped, possibly the maximum levels are limited, and, most importantly, following the onset of natural or PGF-2oc-induced luteolysis, the depletion of the fat depot will cause a delayed fall in plasma progesterone concentrations. In the pig, which has a high proportion of fat tissue and apparently a considerably longer initial half-life of plasma progesterone than does the cow, for example (5-15 min: McCracken, 1963; Hoffmann, Wagner, Rattenberger & Schmidt, 1977) , luteolysis starts quite early during the cycle, thus allowing circulating progesterone to return to basal levels for the expression of oestrous behaviour and the induction of ovulation. After artificial induction of luteolysis by PGF-2a, oestrus is observed in the pig 5-7 days after treatment on Day 12 or 13 of the cycle (Hallford, Wetteman, Turman & Omtvedt, 1975; Guthrie & Polge, 1976; Lindloff, Holtz, Elsaesser, Kreikenbaum & Smidt, 1976) but in the cow it takes only 2-4 days to induce heat (Rowson, Tervit & Brand, 1972 ; Lauderdale, 1975) . It has been suggested (Baird, Baker, McNatty & Neal, 1975 ) that these species differences in time intervals between functional luteolysis and ovulation of newly grown follicles are most probably related to the degree of follicular maturation at the onset of luteolysis. In addition, it is possible that the early onset of luteal regression in the pig may be related to the long half-life of progesterone and may be a precaution for those sows with a high degree of fatness. In our study differences in fat-tolean ratio did not contribute to the speed of clearance of progesterone from the depot fat or from the circulation. However, the number of animals was relatively small and the animals did not differ markedly in fat-to-lean ratios.
Changes in backfat concentrations of progesterone reflect, with delay, changes in ovarian function and the differences in fat progesterone levels between pregnant and non-pregnant animals suggest, despite the small number of animals, that the measurement of backfat progesterone could be used for pregnancy testing. Compared with the determination of progesterone in blood, which allows a reliable diagnosis of non-pregnant sows as early as 17 days after mating (Hultsch, 1980) 
